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OBTAINED BY TBE T R A N S O N I M W M P  METHOD 

SUMMARY 

A n  investigation has been made in the Langley high-speed 7- by 
IO-foot  tunnel wing the traneonic+ump method t o  determine the longitu- 
UnLL s t ab i l i t y  and control  characteristics of a semispan airplane m o d e l  
at transonic  speeds. 

The results of the  invest igat ion fndlcated an increase in the maneu- 
vering stability through the transanic r-e, but regians of instabi l i ty  
were indicated - ~ y  the slope of the curve of stabilizer  incidence  for trim 
against Mach number at a l l  center-of-avity positions tested. Trim 
could be maintained in  level flight throughout the speed range, however, 
with about lo change in stabil izer  deflection regardless of the center- 
of-avity location. 

The v a r i a t b  of lift-curve slope and the angle of attack for 
zero l i f t  w i t h  Mach number agreed  closely with results obtained by the 
NACA w-i~f1o-w method, but a m e  lineer variation with Mach number of 
the  stabilizer  incidence for trim was  obtained by the transonic--bump 
method . 

Tests were made u s i n g  the  t r amon ic4mp method t o  determine  the 
longitudinal  stabil i ty and contzol  characteristics in the transonic  range 
of a semispan airplane model similar t o  a proposed resewch vekricle. A 
comparison waa made with results obtained for the  same model  by the 
NACA wing-flow method. 

I 
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The model w a e  mounted on a pivot and was free t o  trim a t  zero 
pitching mcment.  The lift coefficient and angle of attack  for t r i m  a t  
various s tabi l izer   set t ings were obtained for  four  center-of-gravity 
positions The t e s t s  were made through a Mach number range fm 0.60 
t o  1.20. 
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trim l i f t ,  pounds 

effective dynamic pressure, pounds per square foot 

wing area, square f ee t  

air density, slugs per  cubic  foot 

air velocity,   feet  per second 

trim angle of attack,  degrees 

Mach  numbor 

wing mean aerdynarnic  chord, M .A .C . , fee t  

etabilizer  incidence w i t h  respect t o  fuselage  center  line, degrees 
(positive when leading edge move8 up) 

airplane weight, pounds 

Reynolds nuniber 

altitude, fee t  

maneuver point,  percent M .A.C. 

center of gravity,  percent M.A.C . 
acceleration of gravity,  feet  per second 

rate of  change of trim l i f t  coefficient with trim angle of attack 
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A drawing of the semispan airplane model is given i n  figure 1 and 
&&e geometric characteristics are e v e n  In table I. The model w a s  
obtained f r a m  the Langley Flight Research Division and ha,d been used i n  a 
previous  investigation by the NACA wing-flaw method (reference 1) . 

The model was mounted on a free-float mount so  tha t  it was f r e e   t o  
trim at  all speeds and w a s  designed so tha t  the horizontal-tail  se5ting 
could be varied. It waa possible t o  obtain data at  various sFmulated 
airplane  center-of  -gravity  positians  by moving the model pivot point 
fore and aft. 

The t e s t s  were made i n  the Langley high-speed 7-  by 10-foot tuzlnel 
by the transcnic-bump method which involves  placing a small semispas 
m o d e l  in  the  high-velocity f l o w  field generated over a c m e d  surface. 
This method of teet ing is fully described in  reference 2 

The t r i m  angle of attack w a s  measured with a callbrated  slide  wire 
rheostat and the trim lift w a s  measured with a calibrated  electrical  
strain gage. Both  measurements were observed visually on a galvanometer. 

I 

The Mach nuniber distribution over the  bump (see  reference 2 )  indi - 
cates that the Mach n m h r  a t  the wing is s l i&tly  higher  than tha t  a t  
the tai l  a t  t h e  highest Mach nurdbera. It is possible that this  difference 
might resul t  in the masking or exaggeration of trim or  s t ab i l i t y  changes. 

The variaticm of Reynolds rider w i t h  Mach number for these t e s t s  
is sham  in  f igure 2 . 

No tares  were applied t o  the data t o  account f o r  the  presence of 
an end plate  and, because of the smal l  size  of the  mdelwith  respect  t o  
the tunnel, jet-boundary correction8 w e r e  neglected. 

Tests were made thr- a Mach m e r  range from 0.60 to 1.20 with 
var ious stabi l izer   set t ings at center-of  -gravity  positions of -0 -8, 14.5, 
25 .Ot and 39.4 percent mean aerodynamic chord. The s tab i l izer   se t t ings  
covered a range frcm + A 0  t o  4.0° 

I 

The v a r i a t i m  of trfm angle of attack and lift coefficient with . 

Mach nmiber is presented for several stabilizer fncidences and - 
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center-of  -gravity  locatians in figure 3 .  Below about M = 0.80 the model 
did not  experience any sudden t rh  changes. In   the range 0.80 < M < 1-00 
there were  rather  irregular changes i n  trFm dependent upon the stabi l izer  
incidence and the  center-of  -gravity  locatim. Above M X 1 .OO conditions 
free from sudden trim changes again  prevailed. 

? 

determined as follows: 

For a given Mach number the variation of f t  with CL end OL w a s  

obtained fo r  a l l  center-of  -gravity  positions. The slopes - and - 
were measured at the lift coefficient  for  level flight at the  specific 
Mach number ( f igs  4 and 5 ) .  The variation of 5 and - w i t h  

center-of  -gravity  position determined a point at which - 
dCL da 

were zero.  his position corresponded to   the maneuver point' or the 
p o h t  at which no change in stabi l izer  incidence is required to chamge 
the l i f t  coefficient and angle of attack. 

d i t  
a L  da 

d i t  
a L  da 

dit & d i t  - 

The variation of the maneuver point  with Mach nmiber ( f ig .  6 )  indi - 
cated .a rapid  increase in msneuvering s t ab i l i t y  through the transonic 
range. The change in   s t ab i l i ze r  incidence required f o r  a 2g turn  a t  
various Mach Iul?libers fo r  each center-of-gravity  position i s  presented i n  
figure 7 .  It is evident that  moderate changes i n  center-of  -gravity 
position would have l i t t l e   e f f e c t  on the maneuverability of an airplane 
similar t o  this model in the  high SUbSoniC and law supersonic range. 

,The data of figure 3 were used in  cmjunction w i t h  figure 4 t o  
obtain the s tab i l izer  incidence reqWed for trim through the Mach number 
range f o r  various a~rplane center-of-gravity  loca$ions. (See f i g .  8.) 
It is  seen ,that at any center-of-pvi ty   posi t ion Bcarcely more than 
lo s tab i l izer  change is required t o  t r i m  the  airplane in  the Mach number 
range from 0.6 t o  1.1. It is  a80 seen that an unstable region occurred 
f o r  E C L ~  center-of-gravity  positions  (that is, an increase i n  speed o r  a 
decrease i n  l f f t  coefficient must be trimmed by a negative  control move- 
ment) in the trane-c range. A t  a given Mach numiber this ins tab i l i ty  is 
more a function of such factors a8 the  rates of  change of maneuvering 
margin, stabilizer  effectiveness, and zero-lift; pitching..lmapnant coeffi - 
cient w i t h  Mach nuniber than the actual maneuvering margin a t  the  specific 
Mach nmiber. 

h i s  procedure neglects the it required to avercams the  pitching 
moment induced by curvature of the f l i&t  path. However, this incwred 
an error of less than 1 percent in because of the hi& airplane 
relative density factor.  
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Trim l i f t  curve8 f o r  vazioue Mach  nmiberB are presented. in figure 9 
So that  a  greater nuniber of points might be 0b-d t o  define the lift 
curves, values of and a for all center-of-gravity  positions were 
w e d  and corrected. t o  values trimmed at the 25percent  center of gravity 
by the following r e l a t i m  : 

where 

Zt t a i l  length measured from center of gravity to ane-fourtth of tail 
M.A.C ., f ee t  

T h i s  c o m c t i o n  is approximate and & B B U ~ B B  the t o m  l i f t  equal t o  
the w i n g  L i f t  . 

The variation of l i f t  -curve slope and the angle of ze ro  lift with 
Mach nmiber is presented in figure 10, Fairly  close agreement w a s  
obtained with the values  determined frm wing-flaw tes te ,   par t icular ly  
below M = 0.95 A g o d  correlatfan of C k  up t o  the force break is  
s h a m  with  values determined fraan a similar d e l  tested at  larger 
scde,  m e  latter data (obta- at  low speeds) were corrected for a 
slight difference in aspect ratio and include  firatcorder  effects of 
cnmpressibility. 

The variatian of CL and a w i t h  it obtained fram figure 3 is 
presented fn figures ll and 12 with a c q a r f s m  of the resul ts  obtained 

Mach ntmibers except at 0.90 where the  w l n g - f l a w  msthod indicated  cansid- 
erably less CL and u change with change in it. A comparison of the 
vaziation wit& Mach nmiber of t h e  it f o r  trim 6 = 50 lb/sq ft, 
h = 30,000 f t  is presented in figure 13.  There w a s  general3.y fair 
agreement ah 1 between the curves obtained by t h e  two modes of .testing. 
However, at M W 0 -90 the wing-flow method lndfcated a sudden change in 
the it required f o r  trfm that was not 88 =ked in the traneonic-bump 
data. 

, by the wing-flaw method. F a l r 4  good agm3eraen-b was obtained at 831 
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The resul ts  of tents made by t h o  tranannic--bmp me-thcd cf a aemispm 
airplane modal indicated an Fncreaee i n  tl"c mneuvering s tab i l f ty  (speed 
invariant) aa characterized by a reardwd skiif +, cf the msneuver point; 
through the transo&nic rmgt?. For a s h  cenkr-of  -grs-rity pos i t ion  tested, 
insttibility was indicated by the slcpe c,f the curve G f  s tabi l izer   inci-  
dence for frtm against M a c h  nurriber between Mwki  nrmbers cxf 0.70 .%d 1.W 
However, trin could be maintained t h r m g b u + ,  t k e  Mach nmfbsr rsnge with 
a change ir.  stabflizer deflec-H.cn cf ~ n l y  abut 1". 

The varlfiticn af l i f t -curre  e lzpe  and the %le of attwk for 281'3 
l i f t  w i t h  Mach number agreed closely with remltn obtained by the ving- 
f ~ C W  method 

The -rariation wikh  Mach nuaibor of the stabilizer incidence mquired 
for trim also agreed fairly w e l l  with results frcm t he  wing-flcrw Lest8 
at a l l  Mach numbers except a% 0.90 where a loss of stabilizer  effectiveness 
(rata of change cf trim l i f t  with st;abilizer deflecticn) w3a indicated by 
the wing-flaw t es ts .  
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W i n g :  
Area ( 8 d S p m ) .  sg fn . . . . . . . . . . . . . .  
Semispas. i n  . . . . . . . . . . . . . . . . . . .  
Mean aerodynamfc chord. i n  . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . . . . . .  
Incidence.  root . . . . . . . . . . . . . . . . .  
Incidence. t i p  . . . . . . . . . . . . . . . . . .  
C h o r d .  root. in . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . .  
Dihedral. aeg . . . . . . . . . . . . . . . . . .  
C h o r d .  t ip .  i n  . . . . . . . . . . . . . . . . . .  

. . . . . . .  6.00 . . . . . . . .  4.00 . . . . . . .  1.56 
XACA 65(- . u o  . . . . . . .  2030' . . . . . . .  200' . . . . . . .  2.00 . . . . . . .  1.00 . . . . . . . .  2.1 . . . . . . .  5.33 . . . . . . . . .  0 

T a i l  : 
Area (semispan). sq in . . . . . . . . . . . . . . . . .  
Semispan. i n  . . . . . . . . . . . . . . . . . . . . . .  
Mean aer0dynamI.c chord. in . . . . . . . . . . . . . . .  
S8Ctian . . . . . . . . . . . . . . . . . . . . .  NACA 
Chord. root. i n  . . . . . . . . . . . . . . . . . . . .  
C h 0 r d . t i p . k  . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Dih~dr&l.d.go . . . . . . . . . . . . . . . . . . . .  

. . . .  . . . .  . . . .  

. . . .  . . . .  . . . .  . . . .  . . . .  

1.56 
1.66 
0097 
.008 
1.25 
0.62 
.2:1 

Fuselage : 
Length. in . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.97 
Maxlmmdiameter. in . . . . . . . . . . . . . . . . . . . . . .  1.20 
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Simulated verkal tail 
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f igure J.- Deiails of semispan airplane model. 
Dimensions in inches excepf where nofed. 
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